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Disclaimer 
 
 This document was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor the University of California nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for 
the accuracy, completeness, or usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any 
specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, 
does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United 
States Government or the University of California. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States Government or the University of California, 
and shall not be used for advertising or product endorsement purposes. 
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FIGURE 6
CHLORIDE HISTOGRAM
0
100
200
300
400
500
600
700
800
PL-1 PL-2 PL-3 PL-4 PL-5 S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8 S-9 S-10 S-11
Sample ID
C
o
n
c
e
n
t
r
a
t
i
o
n
 
(
m
g
/
k
g
)
Shallow Clay
Deeper Clay
Native Soil
UCL 95%
Max Background
FIGURE 7
SULFATE HISTOGRAM
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1.0 INTRODUCTION 
The field methods and procedures described in this Sampling and Analysis Plan (S&A Plan) are 
general descriptions of environmental sampling protocols.   The methods described are intended for 
sampling and analysis relevant to clean closure of the Site 300 Surface Impoundments located at the 
University of California’s Lawrence Livermore National Laboratory.  The results will be used to 1) 
determine appropriate disposal of excavated materials and, 2) to determine if the clay liner and 
underlying soils meet acceptable criteria for clean closure.   
Sampling will be performed on materials collected from three different media associated with the 
closure project: 
• Sampling of the sludge and sand ballast overlying the impoundment 
geomembrane; 
• Sampling of the clay liner underlying the LCRS; and, 
• Sampling of soils underlying the clay liner. 
The sludge, ballast sand, and LCRS sand will be excavated and disposed of at an appropriate waste 
management unit.  Results from the sludge/ballast sampling event will be used to characterize the 
LCRS.  The recommended testing protocols are intended for soil disposal characterization.  It is 
assumed based on previous testing results that these materials will meet criteria for disposal at a Class 
II landfill (Altamont Landfill).    
The second sampling and analysis event will be on the clay liner and underlying soils to satisfy 
regulatory criteria for clean closure of the surface impoundments.  The excavation subcontractor will 
provide a backhoe and operator to work with the LLNL sampling technologist to excavate test 
locations.  The LLNL sampling technologist will obtain the samples and submit for analyses per the 
protocol established herein.  Material from the clay liner may be incorporated in the general fill for 
final grading, depending on the sampling results.   
Site 300 Sampling and Analysis Plan  February 2005 
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2.0 SAMPLING LOCATIONS AND FREQUENCY 
2.1 Sludge/Ballast Sampling 
It is anticipated that approximately 240 cubic yards (cy) of sludge will be removed from within the 
impoundments, along with approximately 1,050 cy of sand ballast that lies on top of the 
geomembrane.  Based on the estimated volume above, six (6) composite grab samples will be 
collected from the sludge and sand ballast (i.e., approximately four composite samples for every 750 
cy).  Assuming four (4) samples will be collected for each composite sample this is a total of 24 
discrete samples.  Sixteen (16) grab samples will be obtained from the upper pond, and eight (8) 
samples will be obtained from the lower pond; four (4) composite samples and two (2) composite 
samples will be prepared for analytical testing, respectively.  The Subcontractor will need to allow 
time in the construction schedule for analytical testing and authorization for disposal prior to 
excavation of the sludge and/or ballast. 
Sample locations will be determined in the field and will be spaced at approximately equal intervals 
throughout the floor of the impoundment.  Sample locations will be documented on a field map.   
2.2 Clay Liner Sampling 
Samples will be collected from the clay layer underlying the impoundments and submitted for 
laboratory analysis to investigate whether leaks through the geomembrane have contaminated the 
clay.  Samples for verification of clean closure will be collected from: 
• Known leak locations; 
• Areas observed to be contaminated based on visual inspection; and 
• Specified locations across the clay liner. 
There are six documented areas where liner defects were previously discovered and repaired by 
LLNL (see Section 2.1.3.1 of the Closure Plan for discussion).  Two leaks occurred in approximately 
the same location within the western corner of the upper impoundment.  Figure B-1 shows the five 
general areas of the leaks that will be visually inspected and sampled.  In addition, other areas with 
visual evidence of contamination (soil discoloration, staining, etc.) will also be sampled and 
submitted for laboratory analysis as discussed in Section 4.0 of this S&A Plan.  Finally, general areas 
will also be sampled following the grid layout shown on Figure B-1.   
In summary, it is anticipated that a minimum of eleven samples will be collected from the clay liner 
within the upper impoundment, and a minimum of five (5) samples will be collected from the lower 
impoundment.  Five samples are located in areas of suspected leakage (four in the upper 
impoundment and one in the lower), and the remaining eleven (11) samples are distributed to provide 
areal coverage of the base of the liner.  Additional samples may be collected at the discretion of field 
personnel based on visual evidence of leakage.  This sampling plan will result in approximately 15 
sample locations per acre.   
Two (2) samples will be collected from each sample location within the clay liner, one at 0-to 6-
inches within the clay liner, and one at 12-to 18-inches within the liner.  The deeper samples will be 
analyzed if results from the shallower samples indicate that the clay has been contaminated. 
Site 300 Sampling and Analysis Plan  February 2005 
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Six (6) background samples for the clay will be collected from the clay liner at locations around the 
top of the impoundments above the high wastewater elevation (Figure B-1 and B-2).  Four (4) 
background samples will be collected from the upper impoundment and two (2) samples will be 
collected from the lower impoundment. These samples will be analyzed for the verification sampling 
parameters using the test methods presented in Section 4.0.  The results from these samples will serve 
as background data for comparing the indicator sample data and determining if leakage through the 
geomembrane has occurred. Background sampling will be conducted prior to the start of clean closure 
activities. 
2.3 Subsurface Soils Sampling 
Six (6) samples will be collected from the soils underlying the clay to determine if contaminants have 
leached through the liner; four (4) from the upper impoundment and two (2) from the lower 
impoundment.  The samples will be collected from 0- to 12-inches below the bottom of the clay liner.  
Deeper sampling may be required if evidence of contamination is encountered (see Section 4.6.3 of 
Final Closure Plan for discussion).  These samples will be analyzed for the clean closure monitoring 
parameters using the test methods presented in Section 4.0 of this S&A Plan. 
Site 300 Sampling and Analysis Plan  February 2005 
LLNL -4- 043-7408 
 
Golder Associates 
3.0 SAMPLE COLLECTION AND HANDLING PROCEDURES 
All sampling activities will be conducted by LLNL personnel using LLNL procedures (SOP EO-03, 
Collecting Samples). Sludge and ballast materials will be collected by LLNL field personnel using a 
shovel, scoop, auger, or other suitable device.  The bulk samples will be composited and transferred 
to an appropriate container.  Each container will be labeled and logged on an appropriate chain-of-
custody form.  Approximately 500 grams of materials will be prepared for each composite sample. 
Sample locations will be documented on a field map. All field equipment in contact with the sample 
media will be decontaminated between each sample location.   
A backhoe will be used to excavate test pits from which the clay liner and native subgrade samples 
will be collected.  Bulk samples will be retrieved from materials excavated from each depth interval 
using a clean stainless steel scoop, auger or other suitable device, composited, and transferred to an 
appropriate container.  Each container will be labeled and logged on an appropriate chain-of-custody 
form.  Approximately 500 grams of sample media will be prepared for each composite. Sample 
locations will be documented on a field map.  All field equipment in contact with sample media will 
be decontaminated between each sample location.   
Samples will be maintained in a cooler at 4 degrees C, and submitted to a certified analytical 
laboratory at the end of each work day following standard chain of custody protocol.   The samples 
will be kept in a dark location due to potentially photo-sensitive materials.   
Site 300 Sampling and Analysis Plan  February 2005 
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4.0 SAMPLE ANALYSIS 
4.1 Clean Closure Verification Analyses 
Clean closure indicator parameters for the clay liner and underlying soils consist of a select list of 
“indicator parameters” from the existing discharge wastewater monitoring program currently required 
by the Waste Discharge Requirements (WDR) 96-248 (See Closure Plan Section 4.6.1).  The list of 
indicator monitoring parameters recommended for the clean closure activities consist of: 
• Barium, Total in Soil (USEPA Method 6010B); 
• Chromium, Total in Soil (USEPA Method 6010B); 
• Nickel, Total in Soil (USEPA Method 6010B); 
• Zinc, Total in Soil (USEPA Method 6010B); 
• Chloride, Total in Soil (USEPA Method 300.0); 
• Sulfate, Total in Soil (USEPA Method 300.0); and, 
• RDX/HMX (USEPA Method 8330). 
The parameters, methods, and reporting limits are provided in Table 1 (attached).  Quality 
assurance/quality control samples will consist of duplicates as specified by LLNL personnel. 
4.2 Clean Closure Contingency Sampling and Analysis 
If exceedances of background for the above listed parameters are observed in native soils underneath 
the liner, then additional testing for soluble constituents (STLC) will be performed to determine if 
there is a potential threat to groundwater (Table 2, attached).  Only those parameters with 
exceedances over background will require further testing.  The Designated Level Methodology 
(DLM) (CRWQCB, 1986) will be utilized to determine if water percolating through the subgrade 
soils will exceed the lowest water quality objective for each of the heavy metals listed above.   The 
Designated Level Methodology entails determining extractable waste constituent concentrations using 
the California Waste Extraction Test (WET) procedure (Title 22, CCR, §66700).  For this application, 
it is recommended that the extraction be performed using de-ionized water since the future source 
water for any percolation through the native soils is naturally occurring rainfall.  Although there is no 
background concentration for RDX and HMX, the DLM would also be performed for RDX and 
HMX to determine the threat to groundwater quality if they were detected.  
4.3 Soil Disposal Analyses 
A full suite of analyses was previously performed by LLNL on sludge from the upper and lower 
impoundments (Table 2, Final Closure Plan).  One sample was collected from each impoundment and 
a duplicate sample was also collected for the upper impoundment. This data showed the sludge to be 
non-hazardous.   
Site 300 Sampling and Analysis Plan  February 2005 
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The impoundment waste materials will be considered “special waste” by landfill disposal facilities 
and will require a “Generator Waste Profile” along with appropriate analytical backup. The generator 
must certify that the materials are non-hazardous per 22CCR §66260, and must also provide 
representative analyses based on the nature of the waste.   
For off-site disposal associated with this project, the sludge/sand ballast samples will be analyzed for: 
• STLC CAM 17 Metals (USEPA 6000/7000 series); 
• Total CAM 17 Metals (USEPA 6000/7000 series); 
• TCLP ZERO Extraction (USEPA method 8021); and, 
• High Explosives (USEPA method 8330). 
The impoundment waste materials will be considered “special waste” by landfill disposal facilities 
and will require a “Generator Waste Profile” along with appropriate analytical backup. The generator 
must certify that the materials are non-hazardous per 22CCR §66260, and must also provide 
representative analyses based on the nature of the waste.   
It is recommended that the Generator Waste Profile, existing backup analytical data, and proposed 
analytical sampling frequency and analytical methods be presented for pre-approval to the selected 
waste facility at least two weeks prior to the start of the construction phase of the project.  Once pre-
approval has been obtained, the above off-site disposal analyses data verifying the non-hazardous 
nature of the soils should be submitted to the selected waste disposal facility for approval prior to 
transport of the soils to the facility.  For this project, the Altamont Class II Landfill has been 
identified as the selected waste disposal facility. 
  
 
 
 
 
 
TABLES 
TABLE 1
CLAY AND SOIL SAMPLING AND ANALYSIS
Total Constituents
LLNL's 
Parameter 
Code
Preparation 
Method
Analysis 
Method
Reporting 
Limit 
(mg/kg)
Site-Specific 
Background 
(mg/kg)
Total Metals (TTLC)
Barium 0475 3050Ba EPA 6010B 5-10 tbdb
Chromium (total) 2450 3050Ba EPA 6010B 5-10 tbd
Nickel 5850 3050Ba EPA 6010B 10 tbd
Zinc 9050 3050Ba EPA 6010B 5-10 tbd
Total Minerals
Chloride 1950
EPA-approved 
method EPA 300.0 5 tbd
Sulfate 8025
EPA-approved 
method EPA 300.0 5 tbd
Energetic Compounds 
HMX 4935
EPA-approved 
method EPA 8330 0.2 na
RDX 7125
EPA-approved 
method EPA 8330 0.2 na
TTLC = Total Threshold Limit Concentration
a or approved EPA Method
b tbd = To be determined from site-specific clay "background" samples
Table 1_SAP.xls Golder Associates
TABLE 2
CLAY AND SOIL SAMPLING AND ANALYSIS
Soluable Constituents
LLNL's 
Parameter 
Code
Leaching 
Method
Analysis 
Method
Reporting 
Limit 
(mg/L)
Soluable Metals (STLC)
Barium 0475 CA WETa
EPA 6010B 
or 6020 0.5-1.0
Chromium (total) 2450 CA WET
EPA 6010B 
or 6022 0.5
Nickel 5850 CA WET
EPA 6010B 
or 6024 0.5-1.0
Zinc 9050 CA WET
EPA 6010B 
or 6026 1.0
Soluable Minerals
Chloride 1950 CA WET EPA 300.0 5-10
Sulfate 8025 CA WET EPA 300.0 5-10
Soluable Energetic Compounds 
HMX 4935 CA WET EPA 8330 0.005-0.01
RDX 7125 CA WET EPA 8330 0.005-0.01
STLC = Soluble Threshold Limit Concentration
a California Waste Extraction Test (leached with deionized water)
Table 2_SAP.xls Golder Associates
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FIGURE   C-1
Photo 2:  Berm soil being mixed with free liquids in Lower Impoundment.
Photo 1:  Lower Impoundment with berm soil placed to absorb remaining liquids 
for off haul.
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Photo 3:  Excavation of soils and geomembrane from Lower Impoundment.  Breached 
levee of Upper Impoundment in foreground.
Photo 4: Excavating stockpile of geomembrane and soils for load out from Upper 
Impoundment.
FIGURE   C-2
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Photo 6: View of Upper Impoundment following removal of geomembrane.
FIGURE   C-3
Photo 5:  Loading of transfer trailer with geomembrane for off haul and disposal from 
Upper Impoundment. 
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Photo 8:   Excavating test pit for soil sampling in Upper Impoundment. 
FIGURE   C-4
Photo 7:  View from Lower Impoundment looking west (toward Upper Impoundment) 
following removal of geomembrane.
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Photo 10: Test pit for sampling location adjacent to geomembrane and sand ballast 
stockpile in Upper Impoundment.
FIGURE   C-5
Photo 9: Excavating test pit for soil sampling in Upper Impoundment.
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Sampling of clay liner from 12” to 18” interval
Photo 12: Typical exposure of clay liner over native soils in Upper Impoundment.
Photo 11:  Typical sampling of clay liner from ~12” depth in Upper Impoundment. 
FIGURE   C-6
